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ABSTRACT  23	  
Staphylococcal enterotoxin B (SEB) causes staphylococcal food poisoning and is produced 24	  
in up to ten times higher quantities than other major enterotoxins. While Staphylococcus aureus 25	  
growth is often repressed by competing flora, the organism exhibits a decisive growth advantage 26	  
under some stress conditions. So far, data on the influence of food-related stressors and 27	  
regulatory mutations on seb expression is limited and largely based on laboratory strains, which 28	  
were later reported to harbor mutations. Therefore, the aim of this study was to investigate the 29	  
influence of stress and regulatory mutations on seb promoter activity. To this end, transcriptional 30	  
fusions were created in two strains, USA300 and HG003, carrying different seb upstream 31	  
sequences fused to a blaZ reporter. NaCl, nitrite, and glucose stress led to significantly decreased 32	  
seb promoter activity, while lactic acid stress resulted in significantly increased seb promoter 33	  
activity. Loss of agr decreased seb promoter activity and loss of sigB increased promoter activity, 34	  
with the magnitude of change depending on the strain. These results demonstrate that mild stress 35	  
conditions encountered during food production and preservation can induce significant changes 36	  
in seb promoter activity. 37	  
 38	  
Keywords: Staphylococcus aureus, staphylococcal enterotoxin B, stress response, agr, sigB  39	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 41	  
1. Introduction 42	  
Staphylococcal food poisoning is one of the most common foodborne intoxications 43	  
worldwide. Enterotoxins are produced by enterotoxigenic Staphylococcus (S.) aureus strains. 44	  
Enterotoxin B (SEB) is one of the major enterotoxins responsible for food poisoning outbreaks 45	  
and is produced in ten times higher quantities compared to other enterotoxins such as SEA, SED, 46	  
and SEE (Bergdoll 1979). Expression of prophage encoded SEA and SEE appears to be highest 47	  
at early-exponential growth phase, while SEB, SEC, and SED production is temporally regulated 48	  
and higher quantities are produced post-exponentially (Derzelle et al., 2009; Lis et al., 2012; 49	  
Schelin et al., 2011). Highest SEB concentrations are produced during the transition from the 50	  
exponential to the stationary phase of growth (Bergdoll, 1979; Czop & Bergdoll, 1974; Otero, 51	  
Garcia, Garcia, Moreno, & Bergdoll, 1990). This expression pattern coincides with the activity of 52	  
Agr, a S. aureus quorum sensing system that causes a post-exponential increase in the 53	  
transcription of exotoxins (Dunman et al., 2001; Bronner et al., 2004,). The effector of the Agr 54	  
system, the regulatory RNA RNAIII, influences exotoxin expression both directly by binding to 55	  
mRNAs and indirectly by inhibiting other gene regulators such as the repressor of toxins, Rot 56	  
(Morfeldt et al., 1995; Tseng and Stewart, 2005). A role for Agr in the regulation of seb, sec, and 57	  
sed expression has been proposed (Bronner et al., 2004; Thoendel et al., 2011; Bronesky et al., 58	  
2016).  59	  
However, most studies investigating the effect of regulatory mutations on enterotoxin 60	  
expression have been conducted using derivatives of strain NCTC8325 harboring an 11-base 61	  
deletion in rsbU, a gene encoding an indirect positive regulator of SigB (Gertz et al., 1999). Since 62	  
a defect in the sigB operon has been shown to affect global regulators Agr, Sar, and Rot, results 63	  
generated using NCTC8325 derivatives may not be representative for other commonly found S. 64	  
aureus strains (Cassat et al., 2006; Lauderdale et al., 2009). In addition, many previous studies 65	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neglected the important factor of strain-specific variation (Begley and Hill, 2015; Rode et al., 66	  
2010; Troller, 1971) and relied exclusively on immunological methods, although it has been 67	  
shown that loss of serological activity does not equal loss of emetic activity (Bennett and Berry, 68	  
1987).  69	  
S. aureus is highly resistant to stress conditions encountered in various food matrices and is 70	  
able to outcompete competitive flora under low aw (water activity) or acidic conditions. Various 71	  
environmental stress conditions post-translationally activate the alternative sigma factor SigB, 72	  
which functions antagonistically to Agr (Novick, 2003). SigB also increases the expression of 73	  
staphylococcal accessory regulator (sarA) (Bischoff et al., 2001). While there is data available on 74	  
the production of several enterotoxins under optimal growth conditions (pH 7, no NaCl or nitrite 75	  
stress), data on enterotoxin production under stress conditions is lacking (Derzelle et al., 2009; 76	  
Lee et al., 2007).  77	  
In this study, the influence of four food-related stress conditions (NaCl, nitrite, glucose, 78	  
lactic acid stress) as well as regulatory mutations (Δagr, ΔsigB) on seb promoter activity was 79	  
investigated using transcriptional fusions of different seb upstream regions and a blaZ reporter in 80	  
two different reference strain backgrounds.  81	  
 82	  
2. Materials and methods 83	  
2.1. Bacterial strains 84	  
S. aureus strains and plasmids used in this study are listed in Table 1. USA300 is a 85	  
community-aquired methicillin resistent S. aureus (Diep et al., 2006) and HG003 is a NCTC8325 86	  
derivative with restored rsbU and tcaR genes (Herbert et al., 2010). Isogenic regulatory knockout 87	  
mutants (Δagr, ΔsigB) were constructed by transduction using phage 80α as previously described 88	  
(Charpentier et al., 2004; Sihto et al., 2015). 89	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2.2. Construction of SEBp blaZTT transcriptional fusions 90	  
A 1 kb region upstream of the seb gene of the three different SEB producing strains COL, 91	  
S6C, and KLT6 (further referred to as C, S, and K), was amplified by PCR. Each of these seb 92	  
upstream regions was cloned into a pGEM-T Easy cloning vector (Promega, Fitchburg, WI) and 93	  
the vectors were transformed into E. coli Top10. The inserts were cloned into pCN41 94	  
(Charpentier et al., 2004) using BamHI and PstI sites, and the ermC cassette was exchanged for 95	  
the cat194 cassette (Charpentier et al., 2004), before transformation of the constructs into Top10. 96	  
The constructs were subsequently moved to pJC1648 and pJC1649, shuttle vectors, for which the 97	  
SaPI1/ SaPI3 atts cassette had been replaced by a SaPI4 atts cassette. The constructs were 98	  
electroporated into a derivate of RN4220 expressing the SaPI4 integrase and were transduced to 99	  
the USA300 and HG003 target strains using phage 80α. 100	  
2.3. Growth conditions 101	  
Single colonies were transferred from 5% sheep blood agar to 5 mL of LB broth (Bertani 102	  
1959) supplemented with cadmium or erythromycin and grown for 18 h (37°C, 200 rpm). 103	  
Primary day cultures in LB (10 mL) were adjusted to OD590 = 0.05, grown until mid-exponential 104	  
phase (ca. 2 h), and washed to remove residual media components and to avoid carryover of AIP 105	  
(centrifugation at 8000 x g for 3 min). Cells were resuspended in 1 mL of LB only (control) or 106	  
LB adjusted to the respective stress condition (4.5% NaCl, 150 mg/L nitrite, 30% glucose, lactic 107	  
acid pH 6.0, respectively). Stress levels were chosen to reflect stress conditions encountered in 108	  
food products. Secondary day cultures were adjusted to the desired OD (OD590 = 0.03 - 0.10 109	  
depending on growth condition) and incubated at 37°C, 200 rpm. Samples were harvested 2 h, 4 110	  
h, 6 h, and 24 h after inoculation, corresponding to mid-exponential (2h), late exponential (4h), 111	  
early stationary (6h), and stationary phase (24h). Two independent cultivations were performed 112	  
for all strains to gain two independent samples of each strain, condition, and time point. 113	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2.4. β-lactamase assay 114	  
The activity of the reporter gene blaZ was determined using a nitrocefin assay as previously 115	  
described (O’Callaghan et al., 1972; Yoon et al., 1991). Samples were diluted 1:10 on the 96-well 116	  
plate and 50 µL of nitrocefin (Merck, Darmstadt, Germany) was added. The nitrocefin 117	  
concentration equalled 132 µg/mL in 100 nM sodium phosphate buffer (pH 5.8). Colorimetric 118	  
cleavage of nitrocefin was monitored by measuring OD490 in a microplate reader 119	  
spectrophotometer (BioTek, Winooski, VT). Maximum enzymatic activity was determined from 120	  
kinetic data using Gen5 (BioTek, Winooski, VT) and defining the initial slope (Vmax). Vmax 121	  
values were normalized using OD 600 nm to minimize variation caused by differences in cell 122	  
densities. 123	  
2.5. Statistical analysis 124	  
Statistically significant differences in seb promoter activity under stress compared to 125	  
control conditions as well as in regulatory mutant strains compared to isogenic wild types (wt) 126	  
were defined using Student's t-test. Statistical analysis was performed using SPSS Statistics 23 127	  
(SPSS Inc., Chicago, IL). Results were considered significant at P < 0.05. 128	  
 129	  
3. Results 130	  
3.1. Impact of strain background and seb upstream region on seb promoter activity 131	  
OD590 measurements (Supplementary Fig. 1) demonstrated a similar increase in cell density 132	  
between strains under control and stress conditions, with the exception of glucose stress affecting 133	  
growth. The activity of three different 1 kb fragments upstream of seb (K, C, S) fused to a blaZ 134	  
reporter gene was investigated in a USA300 and a HG003 background. Generally, seb promoter 135	  
activity was higher in the USA300 background compared to the HG003 background. No 136	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statistically significant differences related to the three 1kb seb upstream regions (K, C, S) were 137	  
detected.  138	  
3.2. Impact of stress on seb promoter activity 139	  
Under NaCl stress, seb promoter activity was significantly reduced compared to the control 140	  
conditons in LB in USA300 background strains (time points 2 h, 4 h, 6 h, 24 h) as well as in 141	  
HG003 background strains (time points 4 h, 6 h, 24 h) (Fig. 1A). Under nitrite stress, seb 142	  
promoter activity was significantly reduced in most USA300 background strains at earlier time 143	  
points (4 h, 6 h) and in most HG003 background strains at later time points (6 h, 24 h) (Fig. 1B). 144	  
Glucose stress had the most prominent effect on seb promoter activity and in particular in HG003, 145	  
the seb promoter seemed generally unresponsive under glucose stress. In all tested strains, seb 146	  
promoter activity was significantly reduced at 6 h and 24 h (72% - 90% decrease depending on 147	  
the strain) (Fig. 1C). Comparison of seb promoter acitivity under lactic acid stress (pH 6.0) was 148	  
compared to pH-stabilized control samples in LB, at pH 7.0. Interestingly, under lactic acid stress, 149	  
a trend towards higher seb promoter activity was observed (Fig. 1D). Both under control and 150	  
stress conditions, seb promoter activity increased with increasing cell density and seb promoter 151	  
activity was highest at late stationary phase (at 24 h). See Supplementary Table 1 for p-values 152	  
related to each condition and time point.  153	  
3.3. Impact of regulatory mutations on seb promoter activity 154	  
Regulatory mutants lacking agr exhibited significantly lower seb promoter activity in all 155	  
strains (p < 0.05 at all time points except at 2 h) (Fig. 2A). The change was most pronounced at 156	  
24 h, with a 52% - 63% decrease depending on the strain. Maximum seb promoter activity in 157	  
Δagr mutants was reached at late stationary phase (24 h), similar to control and stress conditions. 158	  
In contrast, in most sigB mutants, maximum seb promoter activity was reached in the early 159	  
stationary phase (Fig. 2B). In addition, regulatory mutants lacking sigB exhibited significantly 160	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higher seb promoter activity in most USA300 and HG003 background strains compared to the wt. 161	  
A marked strain-specific difference was observed in the impact of sigB on seb promoter activity. 162	  
In the USA300 background, a maximum increase of 78% was observed, as opposed to a 163	  
maximum increase of 1027% in the HG003 background. 164	  
 165	  
4. Discussion 166	  
All tested food-related stress conditions resulted in significant changes in seb promoter 167	  
activity, but with temporal and strain-specific differences. The changes in seb promoter activity 168	  
under stress conditions are consistent with studies investigating enterotoxin D expression under 169	  
stress conditions (Sihto et al., 2015; Sihto et al., 2016a;. Sihto et al., 2016b). Glucose and NaCl 170	  
stress conditions resulted in reduced seb promoter activities, in line with earlier studies 171	  
investigating enterotoxin protein levels by immunological methods (Ewald and Notermans, 1988; 172	  
Genigeorgis et al., 1971; Genigeorgis and Sadler, 1966; Iandolo and Shafer, 1977; Jarvis et al., 173	  
1975). While glucose stress suppressed seb promoter activity at all tested time points, maximum 174	  
suppression by NaCl stress was observed at 4h and 6h.  175	  
Nitrite stress caused less pronounced effect on seb promoter activity. On protein level, it has 176	  
been shown that S. aureus growth and SEB production remain unaffected at nitrite concentrations 177	  
of up to 200 mg/L (McLean et al., 1968). Interestingly, lactic acid stress led to slightly increased 178	  
seb promoter activity. Similar findings were recently reported for enterotoxin A, suggesting 179	  
induced enterotoxin A expression under acidic stress conditions (Rosengren et al., 2013; Wallin-180	  
Carlquist et al., 2010; Zeaki et al., 2015). On the protein level, enterotoxin production has been 181	  
shown to be highest between pH 6–7 (Genigeorgis et al., 1971; Genigeorgis and Sadler, 1966). 182	  
Our results also show that the strain background had an effect on the level of seb promoter 183	  
activity. While we generally observed far lower seb promoter activities in a HG003 than in a 184	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USA300 background, loss of sigB led to an extreme increase in seb promoter activity in HG003 185	  
background strains. These results suggest that repression of seb promoter activity observed in a 186	  
HG003 background is largely due to SigB activity. It could be hypothesized that acquisition of 187	  
mutations affecting the functionality of SigB and thus increasing the synthesis of toxins may 188	  
offer a competitive advantage in a clinical context. This may also have been the case for 189	  
NCTC8325 harboring an 11-base deletion in rsbU, a gene encoding an indirect positive regulator 190	  
of SigB (Gertz et al., 1999). 191	  
Compared to other S. aureus lineages, USA300 strains have been shown to exhibit 192	  
increased expression of agr and saeRS, which could partly explain higher seb promoter activity 193	  
levels compared to HG003 (Montgomery et al., 2008).  194	  
Overall, no significant effect of different seb upstream sequences on seb promoter activity 195	  
was observed. However, at 4h, HG003_S harboring the seb upstream element of S6C exhibited 196	  
consistently lower seb promoter activities than HG003_K and HG003_C, harboring seb upstream 197	  
sequences of KLT6 and COL, respectively. These findings support data by Sato’o et al. (Sato’o et 198	  
al., 2013) suggesting that SEB production may depend on the SaPI carrying seb rather than the 199	  
seb promoter region. 200	  
With regard to the regulatory mutants in our study, strain-specific differences were evident. 201	  
Loss of agr resulted in higher reduction in seb promoter activity in USA300 derivatives 202	  
compared to HG003 and loss of sigB generated higher induction in seb promoter activity in 203	  
HG003 derivatives compared to USA300. These and similar findings highlight the importance of 204	  
including several S. aureus strains in studies investigating regulatory elements (Schmidt et al., 205	  
2004; Sihto et al., 2016b). Interestingly, seb promoter activity in sigB mutants peaked at 6 h, 206	  
while highest activity under all other conditions was observed at 24 h. In contrast, in agr mutants, 207	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highest seb promoter activity levels were already reached at 6 h, with similarily high levels after 208	  
24 h in all strains apart from HG003_S. 209	  
In conclusion, mild stress conditions encountered during food production and preservation 210	  
can induce significant changes in seb promoter activity. In addition, agr and sigB play a major 211	  
role in seb regulation.  212	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Figure legends 
 
Fig. 1. 
Normalized Vmax values stating seb promoter activity of USA300 and HG003 strain 
derivates under control (LB) and stress conditions A) 4.5 % NaCl; B) 150 mg/L nitrite; C) 
30% glucose; D) lactic acid (pH 6.0). Error bars represent one standard deviation of the mean 
of two independent experiments performed in triplicates. Statistically significant changes 
between control and stress conditions at the same time point in each strain are marked by an 
asterisk (P < 0.05). 
 
Fig. 2. 
Normalized Vmax values stating seb promoter activity of USA300 and HG003 strain 
derivates and their isogenic regulatory mutants. A) Wild type and Δagr mutant strains in LB; 
B) Wild type and ΔsigB mutant strains in LB. Error bars represent one standard deviation of 
the mean of two independent experiments performed in triplicates. Statistically significant 
changes between wild type and regulatory mutants at the same time point are marked by an 
asterisk (P < 0.05). 	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Supplementary Fig. 1. 
Increase in cell density expressed as OD590 values under control (LB) and stress conditions. 
A) 4.5 % NaCl; B) 150 mg/L nitrite; C) 30% glucose; D) lactic acid (pH 6.0). Error bars 
represent one standard deviation of the mean of two independent experiments. 	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 Supplementary Table 1 
seb promoter activity is presented using Vmax mean values generated in the β-lactamase assay. 
Promoter activity under control and stress conditions (4.5 % NaCl, 150 mg/L nitrite, 30% glucose, 
lactic acid pH 6.0) as well as in wild type strains and regulatory mutants (Δagr, ΔsigB) was 
compared for each time point. Statistically significant changes are marked by an asterisk (p < 
0.05). 
Strain Growth condition 
/regulatory mutation 
Time 
(h) 
Vmax 
(mean) 
SD p-value seb promoter 
activity 
USA300_K NaCl 2 45.85 6.22 0.46  
Nitrite  39.79 3.87 0.02* ↓ 
Glucose   26.72 4.21 0.00* ↓ 
Lactic acid   13.52 2.78 0.20  
Δagr  45.18 3.67 0.26  
ΔsigB  56.40 8.21 0.16  
NaCl 4 67.89 2.84 0.00* ↓ 
Nitrite  171.63 56.76 0.03* ↓ 
Glucose   33.99 7.82 0.00* ↓ 
Lactic acid   202.14 54.03 0.01* ↑ 
Δagr  124.70 12.81 0.00* ↓ 
ΔsigB  500.47 81.66 0.00* ↑ 
NaCl 6 160.49 16.02 0.00* ↓ 
Nitrite  349.96 69.17 0.19  
Glucose   49.69 4.59 0.00* ↓ 
Lactic acid   354.15 78.02 0.07  
Δagr  185.43 27.28 0.00* ↓ 
ΔsigB  738.77 67.32 0.00* ↑ 
NaCl 24 407.32 31.63 0.00* ↓ 
Nitrite  567.61 38.79 0.02* ↑ 
Glucose   57.57 4.80 0.00* ↓ 
Lactic acid   503.43 19.64 0.00* ↑ 
Δagr  175.83 26.22 0.00* ↓ 
ΔsigB  643.83 46.55 0.00* ↑ 
USA300_C NaCl 2 37.86 6.36 0.01* ↓ 
Nitrite  46.42 15.51 0.60  
Glucose   26.17 4.04 0.00* ↓ 
Lactic acid   13.66 4.45 0.69  
Δagr  44.49 3.06 0.10  
ΔsigB  53.46 15.48 0.65  
NaCl 4 66.90 5.67 0.00* ↓ 
Nitrite  174.52 39.24 0.03* ↓ 
Glucose   36.70 14.09 0.00* ↓ 
Lactic acid   254.02 19.17 0.00* ↑ 
Δagr  161.62 18.47 0.01* ↓ 
ΔsigB  527.55 19.02 0.00* ↑ 
NaCl 6 147.82 8.85 0.00* ↓ 
Nitrite  317.44 47.55 0.04* ↓ 
Glucose   53.71 16.74 0.00* ↓ 
Lactic acid   419.33 79.44 0.00* ↑ 
Δagr  262.00 21.45 0.00* ↓ 
ΔsigB  739.33 7.35 0.00* ↑ 
NaCl 24 401.29 23.74 0.05  
Nitrite  563.36 18.01 0.45  
Glucose   61.91 10.65 0.00* ↓ 
Lactic acid   482.42 16.80 0.97  
Δagr  269.61 7.99 0.00* ↓ 
ΔsigB  570.94 65.26 0.59  
USA300_S NaCl 2 34.49 8.21 0.02* ↓ 
Nitrite  39.45 3.22 0.02* ↓ 
Glucose   22.58 3.92 0.00* ↓ 
Lactic acid   19.08 8.33 0.30  
Δagr  30.79 4.05 0.00* ↓ 
ΔsigB  54.89 8.23 0.07  
NaCl 4 58.56 2.87 0.00* ↓ 
Nitrite  158.58 47.26 0.00* ↓ 
Glucose   31.05 9.92 0.00* ↓ 
Lactic acid   224.25 7.62 0.00* ↑ 
Δagr  136.00 23.07 0.00* ↓ 
ΔsigB  488.61 65.99 0.00* ↑ 
NaCl 6 126.08 11.84 0.00* ↓ 
Nitrite  327.23 40.58 0.01* ↓ 
Glucose   53.28 22.05 0.00* ↓ 
Lactic acid   427.59 83.70 0.11  
Δagr  219.74 35.08 0.01* ↓ 
ΔsigB  768.27 70.40 0.00* ↑ 
NaCl 24 470.88 38.16 0.00* ↓ 
Nitrite  568.39 24.91 0.15  
Glucose   62.73 10.34 0.00* ↓ 
Lactic acid   526.29 18.15 0.00* ↑ 
Δagr  222.10 16.67 0.00* ↓ 
ΔsigB  669.38 19.20 0.00* ↑ 
HG003_K NaCl 2 24.77 9.29 0.99  
Nitrite  25.50 3.36 0.75  
Glucose   26.78 6.86 0.59  
Lactic acid   14.78 2.71 0.04* ↑ 
Δagr  21.20 8.53 0.43  
ΔsigB  21.81 2.57 0.24  
NaCl 4 29.60 3.34 0.00* ↓ 
Nitrite  36.00 1.56 0.00* ↓ 
Glucose   31.30 5.40 0.00* ↓ 
Lactic acid   51.28 15.44 0.23  
Δagr  31.57 3.87 0.00* ↓ 
ΔsigB  121.25 13.69 0.00* ↑ 
NaCl 6 38.56 5.98 0.00* ↓ 
Nitrite  55.13 4.83 0.00* ↓ 
Glucose   26.94 4.57 0.00* ↓ 
Lactic acid   66.98 6.84 0.03* ↓ 
Δagr  67.00 9.66 0.02* ↓ 
ΔsigB  438.71 23.06 0.00* ↑ 
NaCl 24 76.64 12.48 0.00* ↓ 
Nitrite  79.13 20.68 0.01* ↓ 
Glucose   25.94 3.72 0.00* ↓ 
Lactic acid   78.39 2.91 0.00* ↑ 
Δagr  66.04 15.36 0.00* ↓ 
ΔsigB  402.52 12.09 0.00* ↑ 
HG003_C NaCl 2 24.33 4.45 0.20  
Nitrite  28.61 12.01 0.17  
Glucose   23.66 2.19 0.12  
Lactic acid   17.10 5.70 0.32  
Δagr  24.56 22.41 0.72  
ΔsigB  17.38 3.63 0.07  
NaCl 4 28.31 4.38 0.00* ↓ 
Nitrite  42.10 6.10 0.30  
Glucose   37.75 21.93 0.40  
Lactic acid   65.84 17.04 0.82  
Δagr  29.86 3.17 0.00* ↓ 
ΔsigB  105.44 29.82 0.00* ↑ 
NaCl 6 41.26 5.51 0.00* ↓ 
Nitrite  59.12 6.96 0.00* ↓ 
Glucose   22.81 5.13 0.00* ↓ 
Lactic acid   80.90 25.37 0.85  
Δagr  59.18 4.55 0.00* ↓ 
ΔsigB  379.90 89.01 0.00* ↑ 
NaCl 24 65.64 10.42 0.00* ↓ 
Nitrite  78.14 30.45 0.24  
Glucose   26.91 4.82 0.00* ↓ 
Lactic acid   98.46 33.05 0.25  
Δagr  64.34 13.54 0.00* ↓ 
ΔsigB  431.77 21.27 0.00* ↑ 
HG003_S NaCl 2 14.46 2.48 0.05  
Nitrite  15.39 1.40 0.08  
Glucose   14.65 1.85 0.59  
Lactic acid   12.99 3.79 0.57  
Δagr  14.66 0.97 0.05  
ΔsigB  35.84 6.19 0.01* ↑ 
NaCl 4 16.93 3.92 0.10  
Nitrite  18.08 4.92 0.23  
Glucose   15.28 3.74 0.04* ↓ 
Lactic acid   28.47 13.82 0.08  
Δagr  15.95 2.65 0.03* ↓ 
ΔsigB  156.08 15.66 0.00* ↑ 
NaCl 6 17.79 4.90 0.00* ↓ 
Nitrite  22.21 2.21 0.00* ↓ 
Glucose   13.99 6.14 0.00* ↓ 
Lactic acid   30.38 6.03 0.00* ↓ 
Δagr  34.13 1.29 0.00* ↓ 
ΔsigB  670.35 37.40 0.00* ↑ 
NaCl 24 35.08 11.98 0.00* ↓ 
Nitrite  75.31 18.38 0.00* ↓ 
Glucose   19.52 5.19 0.00* ↓ 
Lactic acid   57.25 4.01 0.25  
Δagr  62.42 6.93 0.00* ↓ 
ΔsigB  484.96 16.68 0.00* ↑ 
       
 
Highlights	  	  
• NaCl,	  nitrite,	  and	  glucose	  stress	  decrease	  seb	  promoter	  activity	  
• Lactic	  acid	  stress	  (pH	  6.0)	  leads	  to	  increased	  seb	  promoter	  activity	  
• Loss	  of	  agr	  decreases	  and	  loss	  of	  sigB	  increases	  seb	  promoter	  activity	  	  
• seb	  promoter	  activity	  is	  not	  dependent	  on	  1	  kb	  sequence	  upstream	  of	  seb	  
